Sporotrichosis is an infection of worldwide distribution caused by the dimorphic fungus, Sporothrix schenckii. Acquisition typically occurs via cutaneous inoculation with development of a localized cutaneous and/or lymphocutaneous infection. We present a rare case of osteoarticular sporotrichosis in a 39-year-old man and review the literature noting only 20 published cases since 1980. Recommendations on the diagnosis and management of this unusual infection are provided.
Introduction
Sporotrichosis is a fungal infection due to Sporothrix schenckii which is found worldwide in decaying vegetation, plants including rose bushes and sphagnum moss, and the soil [1] . After cutaneous inoculation, typically due to trauma associated with outdoor work, the fungus may cause cutaneous and/or lymphocutaneous infection. Rarely infection involves the joints and/or bones as a result of local inoculation or hematogenous spread. The infection is typically chronic and indolent in nature which may result in delayed diagnosis. We report a case of osteoarticular sporotrichosis, and provide a comprehensive review of the literature to describe the risk factors, diagnosis, and treatment of this unusual infection.
Case
A 39-year-old male presented on day 0 to our facility with left knee pain and swelling with progressive difficulty ambulating over the preceding 180 days. His history was significant for alcohol abuse and homelessness whereby he resided in a local park. There was no history of diabetes, immunosuppression, or intravenous drug use. Physical examination on presentation revealed a moderate left knee effusion with limited passive and active range of motion to 15 degrees, and a skin abrasion on the overlying skin. The remainder of the examination was unremarkable, and there was no other skin lesions or lymphadenopathy. Laboratory evaluation showed a white cell count of 8200 cells/mm 3 , erythrocyte sedimentation rate (ESR) of 53 mm/h, and a C-reactive protein (CRP) of 28.5 mg/L. An HIV test and a drug screen were negative. Kidney and liver testing was within normal limits, and a hemoglobin A1c was 5.9%. The patient had presented previously to the Emergency Department (ED) at our facility on day À 140 complaining of left knee pain and an ultrasound was done which found a mild to moderate joint effusion. An arthrocentesis was performed which showed a synovial white cell count of 7470 cells/mm 3 with 87% neutrophils. Laboratory evaluation during this visit showed a white blood cell count of 8700 cells/mm 3 , erythrocyte sedimentation rate (ESR) of 50 mm/h, and a C-reactive protein (CRP) of 15.2 mg/L. The patient was diagnosed with a reactive joint effusion and discharged home from ED with pain medications and followup with an orthopedic surgeon. Sporothrix schenckii was identified from the arthrocentesis culture on day À 126. When this result returned, an attempt was made to contact patient to return to ED for reassessment and initiation of antifungal therapy, however due to patient's homeless status and lack of contact information, he could not be reached.
During the current visit (day 0), the patient again presented with ongoing left knee pain. MRI of the left knee on day þ2 demonstrated large complex joint effusions and bone marrow edema within the femoral condyles and tibial plateaus consistent with osteomyelitis ( Fig. 1) . On day þ3, the patient underwent surgical debridement and synovectomy. Bacterial and acid-fast bacilli (AFB) cultures collected during surgery were negative from all specimens. On day þ14, growth on the fungal cultures (five specimens) showed Sporothrix schenckii ( Fig. 2A and B) . The identification of this fungus was based on growth of its mold form on a Sabouraud dextrose agar plate incubated at room temperature (30°C) showing black-pigmented filamentous colonies, and microscopic slide examination showing lateral conidiophores with clusters of pyriform conidia appearing as flowers or bouquets. Identification was confirmed after transition to the yeast form after plating mycelia on rich culture media (e.g., brain heart infusion agar) at 37°C. On day þ3, the patient began treatment with oral itraconazole 200 mg twice daily based on the culture from the previous ED visit that had grown Sporothrix schenckii. His knee function progressively improved, and he is receiving a planned 12-month antifungal treatment course with good clinical response.
Discussion
Sporotrichosis is a disease of worldwide distribution most commonly found in tropical and temperate regions. The first case was described in 1898 by Schenck who demonstrated the pathogenicity of this fungus [2] . The disease was subsequently named S. schenckii, with recent data showing that different genetic lineages exist in varying geographical regions [1] . Classically, infection occurs after cutaneous injury from rose thorns, but exposures to decaying vegetation, sphagnum moss, and soil can also result in infection. Zoonotic acquisition is also possible after animal (e.g., cat, squirrel, and armadillo) scratches or bites. The incubation period is estimated as 3 weeks. The infection is often chronic in nature with a notable paucity of systemic symptoms, often resulting in delayed diagnosis.
Clinical manifestations most commonly include cutaneous (e.g., papulonodular lesions) and lymphocutaneous forms (adenopathy and lymphangitic spread) of the infection. Occasionally the infection involves the joints, most commonly the knee. Rare forms of sporotrichosis include osteomyelitis occurring after local or hematogenous spread. Local spread can occur when overlying skin lesions progress resulting in underlying erosive bone disease. Alternatively, sporotrichosis can involve the joint, and the adjacent bone may become secondarily infected. In both cases, bony disease typically occurs after a delay in the diagnosis and treatment of the primary infection. Hematogenous seeding of the bone can also occur especially in immunosuppressed hosts. In these cases, fungemia, pulmonary infection (which can occasionally occur after inhalation of the organism), and meningitis may also be noted.
We performed a review of the English literature (PubMed) from January 1, 1980 to December 31, 2015 using the following keywords: "Sporothrix schenckii" , "Sporothrix" , "sporotrichosis" , "osteomyelitis" , "osteoarticular" ," infectious arthritis" and found only 20 published cases of osseous sporotrichosis (Table 1) [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . Cases were included if the term "osteomyelitis" was included in the published case. For the published cases and our case, the median age of patients was 46 (range 8-77) years, with 71% occurred among males. Potential risk factors for infection included local trauma and immunosuppression including HIV-infection. Our case highlights that alcoholism is a potential risk factor for osseous sporotrichosis, similar to that seen in other cases of osteoarticular sporotrichosis [7, 8, 10, 12] . The most common bone involved was the tibia. The hand and wrist bones were also frequently involved, perhaps due to local trauma to the hands and subsequent spread from cutaneous lesions. Any bone can be involved with cases including the jaw as well as bones of the upper and lower extremities noted.
Treatment of osteomyelitis due to sporotrichosis consisted of saturated solution of potassium iodide (SSKI) in a majority of cases before 1990 (Table 1) . Of note, most cases treated with SSKI also underwent debridement which may have led to resolution of the infection as prior studies have shown failure of this medication in treating osseous forms of the disease [19] . Amphotericin B and itraconazole therapy were more commonly utilized in more recent cases. The outcome was favorable showing cure or good clinical response at the time of publication, with only two cases (one being the earliest case in our review) reporting recurrence of the infection requiring retreatment [3, 8] .
Our case presented with progressive knee pain over a several month course and was diagnosed with culture-confirmed sporotrichosis involving the knee joint and the adjacent bony structures. Our review of the literature showed only 21 cases (including the present case) of osteomyelitis due to Sporothrix since 1980 [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . A prior review by Gladstone and Littman found only 22 published cases between the years of 1924-1970 [19] , demonstrating the rarity of this condition. Similar to our review, earlier reports demonstrated that the infection is more common in males; often occurred among laborers working with the soil and/or plants; and that the tibia followed by the hand bones were the most common osseous structures involved [19] .
The diagnosis of sporotrichosis is established by culture or histopathology findings; serologic testing is generally not useful. In cases of joint involvement, synovial fluid parameters often show relatively low white cell counts (o10,000 cells/mm 3 ) with a neutrophil predominance [14] . The time for growth on cultures is approximately 8 days, but may require 2-4 weeks. Dimorphic fungi, such as Sporothrix, have the mold form present on cultures incubated at room temperatures (21-30°C) with transition to the yeast form after plating mycelia on rich culture media (e.g., brain heart infusion agar) at 35-37°C. Macroscopically Sporothrix appears as filamentous colonies that are white to creamy at first, then turning brown to black after several days (Fig. 2A) ; some strains have the ability to form dark colonies from the beginning of growth. Microscopically, Sporothrix schenckii assumes a filamentous form, composed of hyaline, septate hyphae 1-2 mm wide, with branching pyriform conidia in flower-like or bouquet arrangement (Fig. 2B) . Histological findings can include granulomatous inflammation with budding yeasts that are round to oval, 3-5-μm in diameter, and appear as elongated, cigar-shaped buds on a narrow base. In our case, the diagnosis was established by positive cultures; tissue pathology was not obtained at the time of surgery. Spontaneous resolution of this infection is rare, and thus treatment is required for most cases and is based on clinical presentation. The preferred agent in most cases is oral itraconazole [20] . For cutaneous and lymphocutaneous forms, the Infectious Diseases Society of America (IDSA) guidelines recommend itraconazole at 200 mg orally daily for at least 2-4 weeks after resolution of all lesions (typically for 3-6 months) [21] . A higher dose and longer duration is recommended for osteoarticular disease with itraconazole 200 mg orally twice daily for at least 12 months. Serum levels of itraconazole are obtained to ensure therapeutic levels are achieved (i.e., Z 1 μg/mL drawn 2 weeks after treatment initiation and measured as a trough). Of note, the itraconazole oral solution (taken on an empty stomach) is preferred due to higher bioavailability, but the capsule form (taken with food) can be also utilized.
Intravenous amphotericin B can be considered for initial therapy, especially in severe cases, but is typically not required and is associated with a higher risk of toxicity. Intraarticular injection of amphotericin has been utilized for articular cases [22] , but is generally not recommended [21] . Other antifungal agents have displayed varying activity against S. schenckii. Voriconazole and echinocandins (e.g., micafungin and caspofungin) lack in vitro activity [23] [24] [25] . Fluconazole has some activity, but in generally is avoided because it is less effective compared with itraconazole [21] . Posaconazole may be a future option given its excellent in vitro activity [24, 25] , but clinical data is currently limited to case reports [26, 27] .
Additional treatment options for cutaneous and lymphocutaneous forms may include local hyperthermia (42-43°C), SSKI, and terbinafine which have shown variable treatment responses. However, these therapies have no current role in more severe forms of sporotrichosis including osteoarticular disease. Finally, surgery may be used as an adjuvant to antifungal therapy, especially in cases with complex joint effusions and sequestrum, but is typically not needed in uncomplicated cases which are treated with antifungal agents. Cases involving joint destruction may subsequently require arthrodesis or arthroplasty [28] .
In conclusion, we present an unusual case of osteoarticular sporotrichosis. Sporotrichosis should be considered in the differential diagnosis of infectious arthritis and/or osteomyelitis in the setting of a low synovial fluid white count, growth of mold on culture, and the presence of risk factors including skin trauma involving plants or vegetation. Diagnosis is established by fungal culture, and treatment is typically with a long course (12 months) of oral itraconazole. 
